Background: Little evidence is available regarding the effects of long-term periodontal infection on diabetes mellitus (DM) control. The aim of this retrospective cohort study is to evaluate influence of periodontal status on changes of glycated hemoglobin (HbA1c) levels of patients with type 2 DM (DMt2).
D
iabetes mellitus (DM) and its complications are some of the most significant and rising chronic health problems in the world, affecting around 415 million people. 1 Approximately 90% of these individuals present with type 2 DM (DMt2). 1 In Europe 59.8 million adults have DM, including 23.5 undiagnosed cases. 1 In the United States, it is estimated that there were 22 million people diagnosed with DM in 2014. 2 According to estimates of the latest census, in Brazil >9 million adults were affected, representing 4.5% of the population. 3 DM has been associated with periodontitis, 4 and the higher the blood glucose levels, the more likely that patients with DM develop periodontitis compared with individuals without DM. 5 On the other hand, the inflammatory process associated with periodontitis can interfere with glycemic control in DMt2 as patients with DM showed a decrease of 0.3% 6 to 0.4% 7 for glycated hemoglobin (HbA1c) levels after periodontal treatment.
Some possible mechanisms to support this hypothesis have been recently reviewed. 8 Inflammatory cytokines, such as interleukin (IL)-1b and IL-6, and the ratio between nuclear factor-kappa B receptor ligand and osteoprotegerin are elevated in patients with DM and periodontitis compared with those only presenting with periodontitis. 8 DM-associated hyperglycemia leads to alterations in hemostasis of alveolar bone and formation of advanced glycation end products, which play a proinflammatory and prooxidative role in cells. 8 Periodontal infection potentiates the vicious cycle in DM, leading to faster periodontal destruction. In contrast, supporting the bidirectional relationship of both diseases, it is suggested that elevated levels of C-reactive protein, IL-6, and tumor necrosis factor-alpha expressed during periodontal disease can negatively interfere with glycemic control. 8 A meta-analysis of observational studies, including 47 cross-sectional and eight cohort studies, revealed that DMt2 is a risk factor for periodontal disease, with patients with DMt2 presenting greater clinical attachment loss (AL) compared with patients without DMt2. 4 However, only some studies are available that have evaluated the effect of periodontitis on glycemic control in patients with DMt2. [9] [10] [11] [12] [13] [14] [15] [16] [17] Ide et al. 11 evaluated 5,948 Japanese patients with moderate and severe periodontitis as well as healthy periodontal status for 7 years and observed significant association between moderate and severe periodontitis and increased risk for DMt2. When results were adjusted for confounding factors such as triglycerides, a decrease in this association was noted. 11 Evaluating Pima Indians with DMt2, in a 2-year follow-up, Taylor et al. 12 observed a relationship between severe periodontitis at baseline and increased risk for greater uncontrolled glycemic status. Saremi et al. 13 found that, after adjusting for age, sex, DMt2 duration, hypertension, and smoking, risk for cardiorenal mortality increased by 3.2 times in patients with severe periodontitis compared with patients presenting with healthy periodontal status or slight-to-moderate periodontitis. In a 22-year longitudinal study on the effects of periodontitis on onset of nephropathy and end-stage renal disease, Shultis et al. 14 observed that periodontitis is a predictor for development of both conditions in patients with DMt2. These cohort studies are relevant owing to longitudinal evaluation of both diseases and can help determine the order in which they occur. Demmer et al. 15 followed patients without DM with periodontitis for 5 years and observed an increase in glycemic levels of these patients. The same research group found baseline periodontal disease to be clinically relevant and a predictor of incident DMt2 in a population-based sample representative of adults in the United States. 16 Studies have reported incidence and progression of periodontal disease in patients with DMt2 in Brazil; [18] [19] [20] however, none of them evaluated the effects of chronic periodontal disease progression on DM outcomes. It is deemed important to evaluate patients from a specific geographic area with low socioeconomic and educational status who receive medical treatment from the public health care system, in which the majority of patients with DM and those presenting periodontal disease seek treatment. 21 These factors can also be evaluated as risk determinants of the association between these conditions. Therefore, the aim of this cohort study is to associate periodontal status at baseline and progression of periodontal disease with changes in HbA1c levels in patients with DMt2.
MATERIALS AND METHODS
This cohort study was conducted with 80 patients with DM (27 males and 53 females, aged 40 to 74 years; mean age: 56.0 -8.9 years at baseline) attending primary health care units from a northeastern city (Sobral, Ceara) in Brazil. Study protocol was approved by the Ethics Committee of the State University of Acarau Valley, Sobral, Ceara, Brazil. Due to the retrospective nature of this study, exemption of written consents of participants was granted by the Ethics Committee.
To be included in the study patients had to fulfill the following inclusion criteria during baseline and final assessments: 1) controlled or uncontrolled DMt2; 2) at least six teeth; 3) non-smokers; 4) aged ‡40 years; and 5) use of antidiabetic medication (i.e., metformin, glibenclamide, or insulin). Patients excluded from the study included those who: 1) were bedridden during follow-up period; 2) received scaling and root planing; 3) did not present medical records of blood analysis at follow-up; 4) refused to participate; 5) died; and 6) had changed address or could not be contacted.
Baseline recruitment was conducted from January to September 2008 at the School of Dentistry, Federal University of Ceara, Sobral, Brazil. 22 Figure 1 is a flowchart of the present study sample. A total of 595 patients were screened for eligibility, and 185 were examined at baseline. After at least 24 months, 80 were included and analyzed.
Study Power
Baseline sample size to ensure adequate power for association between periodontal disease status and DM control was calculated considering data previously published, [23] [24] [25] and it was estimated that 170 to 210 patients would be needed to provide 80% power with a = 0.05. For the present follow-up analysis, power calculation was performed for multivariable linear regression models applied in this study, considering n = 80, R 2 = 0.20, and a and b errors of 5% and 20%, respectively. Taking into account a model with up to four independent variables, it was estimated that the present sample yields 97% power to find significant association between any periodontal parameter and changes in HbA1c levels.
Clinical Procedures
Full-mouth periodontal examination was performed at baseline and at follow-up examination with a 15-mm periodontal probe. disto-buccal, mesio-lingual, lingual, and disto-lingual) in all present teeth excluding third molars. Gingival recession (GR) was measured in sites where the gingival margin was located apical to the cemento-enamel junction. Clinical AL was calculated for these sites as the sum of PD and GR. Number of missing teeth and number of teeth with records for AL were registered. Teeth that were lost during the follow-up period were excluded from analyses.
Periodontal Reliability
One experienced periodontist (KC), previously calibrated, performed all examinations. Repeated measurements of PD were performed in 12 patients at baseline and follow-up. Intraclass correlation coefficients of agreement for PD were 0.91 and 0.93, respectively.
Medical Data
Medical and laboratory information were retrieved by two researchers (ZT and GA) from the patient charts. Medical information was collected from the closest visit to the periodontal examination (a maximum period of 1 month among them). Information regarding DM status and medication was recorded.
HbA1c levels were retrieved from medical charts of patients from the City Public Health Department, Sobral, Ceara, Brazil. All tests were done using an ion-exchange highperformance liquid chromatography method ¶ at the Public Health Laboratory, Sobral, Ceara, Brazil.
Study Outcomes
Primary outcome of the present study was glycemic control using change in HbA1c levels over the follow-up period. A cut off point of <6.5% was used. 26 Periodontal disease was the main exposure of the study. Other independent variables considered as possible confounders included: 1) age; 2) sex; 3) time of DM; 4) use of antidiabetic drugs; and 4) baseline HbA1c.
Periodontal disease was analyzed using two descriptors that were calculated considering only the worst site of each tooth and were further associated with changes in HbA1c levels in separate models. Individuals were dichotomized into those having or not having severe periodontitis according to criteria from the Centers for Disease Control and Prevention (CDC) and the American Academy of Periodontology (AAP), 27 in which severe periodontitis is determined when ‡2 interproximal sites have AL >6 mm (not in the same tooth) and ‡1 interproximal sites have PD ‡5 mm. To measure the effect of periodontal deterioration over time on changes in HbA1c levels, individuals were dichotomized into progressive and non-progressive cases considering a cut off point of 2 mm of AL progression in at least one tooth.
Statistical Analyses
Baseline level of HbA1c and its change over time were compared across categories for each independent variable using independent samples t test. Association between changes in glycemic control and periodontal parameters were evaluated using linear regression models. Multivariable models were fitted using a purposeful approach. 28 Univariable models were fitted, and variables presenting P <0.20 were entered in a multivariable model. After analysis of confounding, interactions, and P <0.05, it was found that sex and baseline HbA1c were significant predictors for change in HbA1c levels. Two separate analyses were conducted for baseline severe periodontitis and progression of AL ‡2 mm, adjusting for sex and baseline HbA1c. Significance level was set at P = 0.05 for all analyses. # RESULTS Mean follow-up time was 38.6 -6.6 months. The majority of patients were women. Mean age of the sample was 56 years (Table 1) . Mean baseline concentration of HbA1c was 7.0%, and 37 (46.2%) patients had controlled DM at the beginning of the study, with mean time of DM of 6.5 years. Mean PD and AL were 3.2 and 5.1 mm, respectively. Thirty patients (37.5%) had severe periodontitis at baseline. Despite the fact that all included patients did not receive periodontal treatment over the study period, 34 patients had lost at least one tooth (16 patients lost one tooth, 11 patients lost two teeth, and seven patients lost three to six teeth). Table 2 shows baseline concentrations of HbA1c and its change over time according to independent variables. Females and those presenting >5 years of DM had significantly higher baseline levels of HbA1c. Also, patients with uncontrolled DM ( ‡6.5%) had significantly higher baseline levels of HbA1c compared with patients with controlled DM (<6.5%), as expected. There was significant difference (P = 0.001) for duration of DM between patients with uncontrolled (7.5 -0.7 years) and those with controlled DM (5.5 -0.6 years) at baseline, without significant differences between them regarding age, 56.2 -9.3 and 55.9 -8.7 years, respectively (data not shown). No other significant differences were observed for baseline values of HbA1c, including for two periodontal variables and tooth loss over time. Changes in HbA1c levels over time were significantly higher in patients with severe periodontitis at baseline (2.32%) than in those without it. Similarly, levels of HbA1c had a significantly higher increase in patients presenting AL progression (2.24%) than in patients with no AL progression. Increase in HbA1c was also higher in males (2.75%) than in females, and in patients with controlled (3.08%) versus uncontrolled DM. Significant differences were not observed for age or duration of DM.
Association between periodontal status and changes in HbA1c is shown in Table 3 . In multivariate model 1, adjusted for baseline HbA1c, presence of severe periodontitis at baseline and progression of AL were significantly associated with increases in HbA1c of 0.85% and 0.90%, respectively. In multivariate model 2, adjusted for baseline HbA1c and sex, significant increase (0.84%) was noted in HbA1c only for AL progression.
DISCUSSION
The present cohort study assessed associations between periodontal disease and changes in HbA1c levels in patients with DM. It was observed that periodontal status at baseline and progression of periodontal AL were able to predict changes in HbA1c levels. Specifically, worst glycemic control was observed over time in patients with DM with severe periodontitis at baseline and with clinical AL progression of ‡2 mm in at least one tooth.
Length of follow-up in studies evaluating the relationship between periodontitis and DM varies greatly, reflecting differences among studies. In the present study, average follow-up was 38 months. Studies evaluating influence of periodontitis on glycemic control in patients with DMt2 ranged from 2 to 15 years. 11, 12, [15] [16] [17] These variations in methodology often occur because there is no standardized method of designing these types of studies, possibly because the temporal relationship between periodontal disease and DM is still not completely understood. 16 In the present study, females outnumbered males. It has been reported that women are more concerned about their health than men. 29 It is possible that this finding may be applicable to the present study because greater increase in HbA1c levels was observed in males (2.75%) compared with females (1.20%), although females presented higher HbA1c mean levels at baseline compared with males (7.3% versus 6.3%, respectively). Desvarieux et al. 30 also observed greater association between periodontitis and atherosclerosis, a common DM complication, in males compared with females. It is important to highlight that effect of sex on glycemic control of the present sample was considered in associations between periodontal disease and changes in HbA1c levels by applying multivariable models. One model was adjusted for HbA1c levels at baseline, whereas another model was also adjusted for sex. After adjustment for sex, there was no association between periodontal status at baseline and changes in HbA1c levels. However, progression of AL over time still remained significantly associated with changes in HbA1c levels. It is noteworthy that sex predilection is still contradictory in the literature, with other studies showing greater association between periodontitis and DM in females. 11, 16 It is widely known that randomized controlled trials (RCTs) are the best study design to evaluate the relationship between periodontal disease and DM. Studies have shown that significant improvement in glycemic levels can be achieved after periodontal therapy. 6, 7 However, owing to methodologic limitations of the RCTs published, including sample size issues, inclusion criteria, baseline patient characteristics, periodontal therapy outcomes, and biases associated with criteria used to define periodontitis, this relationship is still not clear. 31, 32 Therefore, observational studies are necessary to help identify possible risk factors and predictors for changes in HbA1c levels in patients with DM, although their strength of evidence is lower than that of RCTs. 33, 34 Only a small number of longitudinal studies have compared progression of periodontitis and HbA1c levels. 11, 12, 15, 16 Some studies evaluated patients with periodontitis but without DM and reported a gradual increase in their HbA1c levels. 11, 15, 16 A cohort study with 5-year follow-up evaluated 2,973 patients without DM who were distributed into five groups (healthy, edentulous, and AL >5 mm divided into three groups based on number of teeth involved). HbA1c levels increased through follow-up years in those patients presenting a worse periodontal condition. Authors of the cohort study concluded that a worsening in HbA1c levels was related to a declining periodontal condition. 15 Another study evaluated 9,296 dentate and edentulous patients without DM, from the first National Health and Nutrition Examination Survey, with and without periodontal disease, who were followed for 10 to 20 years. Increase in incidence of DM by 50% was observed in those patients with periodontitis compared with patients without periodontitis at baseline. 16 Another study followed 5,848 patients without DM for 7 years and found no apparent association between periodontitis and DM incidence, although a tendency for increase in risk was noted. 11 It is important to emphasize that in the present study patients were required to have at least 24 months between examinations. Thirty patients presented severe periodontitis at baseline and were referred for periodontal treatment, as were others presenting mild or moderate periodontitis. However, none of them followed the recommended treatment or did not have the chance to be treated because of overcrowding in the public health clinics. This has allowed long-term evaluation of their periodontal status.
Other studies have demonstrated a relationship between periodontitis progression as a risk factor for larger changes in glycemic control and other complications associated with DMt2. 12, 17 In a longitudinal study with 2-year follow-up of a Native American population with high incidence of DMt2, it was observed that presence of severe periodontitis (radiographic bone loss >50% or AL >6 mm in at least one tooth) at baseline increased risk for high levels of HbA1c. 12 A more recent study evaluating 5,885 Taiwanese patients during a 5-year period showed that presence of periodontal PD >4 mm was associated with a 33% increase in risk for hyperglycemia, even after adjusting for confounding factors. 17 In Pima Indians, it was observed that severe periodontitis increased risk for mortality from ischemic heart disease and diabetic nephropathy, 13 and the effect of periodontal disease on these diseases is in addition to effects of traditional risk factors, such as age, sex, hypertension, and serum cholesterol levels, among others. 13 Association among periodontal disease severity and nephropathy and end-stage renal disease was also observed, suggesting that periodontal treatment may reduce risk for diabetic renal disease development. 14 PD and AL were used to evaluate the association between periodontal disease and its progression with DM in the present study. Periodontal disease at baseline was classified according to CDC/AAP classification, which is the recommended epidemiologic classification of periodontal disease. 27 Regarding periodontal disease progression, change in AL ‡2 mm in at least one tooth was applied for evaluation of periodontal breakdown over the follow-up period. Establishment of appropriate criteria to define periodontal disease progression is more controversial than for definition of periodontal disease status at a certin time point. In this study, a threshold of 2 mm was applied, as it is widely used in the literature for longitudinal studies. 35, 36 Using this criterion for periodontal progression, a significant increase was observed in levels of HbA1c after an average of 3 years in patients showing progression of periodontal disease, even after adjusting for HbA1c levels and sex. These findings are in agreement with the European Federation of Periodontology and the AAP, which suggest that periodontal disease adversely affects glycemic control and DM complications or promotes development of DMt2. 9 Results also corroborate those from other studies. 12, 15, 17 An important finding of this study is augmentation of HbA1c levels of 2.32% and 2.24% in patients presenting severe periodontitis at baseline and in those demonstrating periodontal AL progression, respectively. Increases certainly may lead to relevant negative impacts on systemic health due to higher risk for major DM complications. Landmark longitudinal studies in patients with DMt2 have shown evident impact of improvement of HbA1c levels on risk of microvascular and macrovascular outcomes. 37, 38 A decrease of 1% in HbA1c levels was associated with risk reduction in diabetic eye disease and diabetic nephropathy. 39 In this study, the whole sample showed elevation of 1.73% in HbA1c levels, demonstrating that even with use of antidiabetic medication these patients were unable to properly control their glycemic levels on average. It is noteworthy that a more pronounced increase in HbA1c levels of 3.08% was observed in patients with controlled DM at baseline compared with those with uncontrolled DM. This finding may be due to differences in duration of DM between those with controlled and those with uncontrolled DM at the beginning of the study (5.5 -0.6 and 7.5 -0.7 years, respectively), despite no difference in age between them. It has also been found that patients with >5 years of DM duration presented higher baseline HbA1c levels than ones with shorter duration. Over the follow-up period, patients with controlled DM increased their duration of DM. Once microvascular and macrovascular complications increase with duration of DM, 40 it is suggested that they would present such complications, being more susceptible to risk factors associated with DM control, and also experience an increase in glycemic levels, reaching those of patients with DM for a longer time.
This study has demonstrated association between periodontal disease and worsening of HbA1c levels. These results support the important role the periodontist has in management of DMt2, with treatment as well as making patients aware of the role of periodontal infection in glycemic control. Lalla et al. 41 assessed an approach applied to patients with potential DM or pre-DM, where the control group received information on DM risk factors and blood test results and were advised to see a physician, whereas test group patients received more detailed explanation on their condition, a written report for the physician, and follow-up contact to inquire about medical followup. After 6 months, patients in the test group presented a significant reduction in HbA1c levels, and the authors concluded that DM risk assessment and education by dental professionals may contribute to improved patient outcomes. 41 Findings of the present study should be viewed considering its limitations and strengths. One methodologic limitation of this study was the partial recording protocol used to record AL, which was assessed only in sites with GR. Nevertheless, this approach has clinical implications as it is frequently used by general practitioners who are not used to measuring clinical AL. Another limitation is the possible occurrence of changes in diabetic medication over the follow-up period. This aspect was controlled by including in the study only those patients who were using these drugs both at baseline and during follow-up, although any change in dosages could not be controlled. Anti-infective agents could also be used over the study period, but this probably occurred at random in the whole sample and may have small effects in the findings. Patients might have experienced some adverse effects of DM such as hypertension, but no other major systemic condition was diagnosed or reported in medical charts. The fact that patients were not radiographically examined for chronic apical lesions is also a limitation. Inflammatory mediators released in periapical inflammation are associated with development of insulin resistance, 42 which may affect metabolic control of patients with DM. 43 A recent cross-sectional study revealed significantly higher prevalence of apical periodontitis in patients with DMt2 with HbA1c levels ‡6.5%, and multivariate analysis demonstrated significant association between periapical status of root-filled teeth and HbA1c levels. 44 Among the strengths of the study, its longitudinal characteristic and medium-term follow-up period are noteworthy. The sample was homogeneous, consisting of individuals from the same socioeconomic class and environment. Also, the sample was carefully defined, applying important inclusion/exclusion criteria to avoid bias in studied associations, such as exclusion of smokers. Confounding was also controlled using multivariable models, which is essential for study of causal associations.
CONCLUSIONS
Periodontal disease progression was demonstrated to be associated with an increase in HbA1c levels in patients with DMt2 over 2 years, suggesting that continuing periodontal breakdown parallels worst DM control. Moreover, patients with an initial diagnosis of severe periodontitis had a higher increase in HbA1c levels over time than those without severe periodontitis; however, this association was no longer significant when sex was considered, indicating that sex may modify this association.
Although there is no clear cause-effect relationship between periodontitis and worse glycemic control, identification of periodontal status as risk factor suggests that periodontal treatment may improve glycemic control of patients with DMt2. This information should be taken into consideration when designing future clinical trials and in clinical practice.
